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Abstract 
Annually a number of fatal accidents occur at level crossings in South Africa. It is 
assumed that these kinds of accidents could be avoided if the road and rail systems and 
intersections are managed properly. This final year project evaluates railway safety by 
observing the current condition of level crossings in the Western Cape.  
The goal of this study is to identify contributing factors that increase the likelihood of an 
injury occurring in a collision between a vehicle and a train. Once the factors have been 
identified plans of action can be developed to strive to decrease level crossing collisions 
from occurring. This could save numerous lives and lots of money.  
The research problem at hand is to try and determine why this class of accidents occur 
and to indicate how management can be improved to reduce the number of incidents 
annually. Accident data was collected from the Western Cape area between the period 
1999 and 2010. A correlation study was performed on the different contributing 
variables. Logistical regression was used with the occurrence of an injury set as 
dependent variable. Variables that influence the occurrence of an injury was identified as 
day of the week, time of the day, good visibility, type of road and type of vehicle.  
Stellenbosch’s biggest level crossing was evaluated against the South African Traffic 
Road Signs Manual (Brain, 1999). It was found that the level crossing met the standards 
that were set by the South African Department of Transport. Then a case study of one 
accident was done to determine the reason for the accident. Driver error was found to be 
the main cause of the accident.  
A survey study was done to determine whether people are making errors due to lack of 
knowledge. The study indicated that people do not know what to do at level crossings. 
Furthermore it was found that the South African driving test is out-dated and failing at 
educating drivers.  
The recommendation at hand is to restructure South Africa’s driver tests. A new more 
advanced test should be developed. Proper driver education is necessary to increase 
safety at level crossings. The interim solution would be to put up traffic lights at level 
crossings.  
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Opsomming 
Daar is jaarliks 'n aantal noodlottige ongelukke wat by spoorwegkruisings in Suid-Afrika 
voorkom. Daar word aanvaar dat hierdie soort van ongelukke voorkom kan word indien die 
pad en spoor stelsels en kruisings behoorlik bestuur word. Hierdie finale jaar projek evalueer 
spoorweg veiligheid deur na die huidige spooroorgang toestand van die Wes-Kaap te kyk. 
Die doel van hierdie studie is om bydraende faktore wat die waarskynlikheid van 'n besering 
wat tydens ‘n botsing tussen ‘n voertuig en trein opgedoen word verhoog, te identifiseer. 
Wanneer die faktore geïdentifiseer is moet ‘n oplossing ontwikkel word wat streef om 
spooroorgang botsings te voorkom. Die oplossing sal baie lewens red en baie geld spaar.  
Die navorsings probleem ter sprake is om te bepaal waarom hierdie klas van ongelukke nog 
voorkom en om te bepaal hoe die bestuur van hierdie stelsels verbeter kan word om die 
aantal voorvalle jaarliks te verminder. Ongelukdata is versamel in die Wes-Kaap vir die 
tydperk tussen 1999 en 2010. 'n Korrelasie studie is uitgevoer op die verskillende 
veranderlikes. Logistieke regressie is hierna toegepas, met die voorkoms van 'n besering as 
afhanklike veranderlike. Veranderlikes wat 'n invloed op die voorkoms van 'n besering het is 
geïdentifiseer as die dag van die week, die tyd van die dag, goeie sigbaarheid, die tipe pad 
en tipe voertuig.  
Stellenbosch se grootste spooroorgang was teen die “South African Traffic Road Signs 
Manual (Brain, 1999)“ geëvalueer. Daar is gevind dat die  spooroorgang aan die huidige 
standaarde wat deur die Departement van Vervoer van Suid Afrika neergele is voldoen. Toe 
is 'n gevallestudie van 'n ongeluk by hierdie spooroorgang gedoen. Bestuurders foute is 
bevind dat die hoofoorsaak van ongelukke.  
'n Opname studie is gedoen om te bepaal of mense foute maak as gevolg van ‘n gebrek aan 
kennis. Die studie het aangedui dat mense nie weet wat om te doen by spooroorgange nie. 
Verder is gevind dat die Suid-Afrikaanse bestuurders toets is verouderd en faal daarin om 
bestuurders op te voed.  
Aanbevelings is om Suid-Afrika se bestuurder toetse te herstruktureer. 'n Nuwe, meer 
gevorderde toets moet ontwikkel word. Behoorlike bestuurder opleiding en opvoeding is 
nodig om veiligheid te verhoog by spooroorgange. 
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1. Introduction 
 
1.1 Background 
The term level crossing is a crossing on one level— without a bridge or tunnel as 
alternative — of a railway line by a road, path, or another railroad 
(www.arrivealive.co.za). 
In South Africa there are various types of level crossings, such as farm level crossings, 
national-, provincial-, municipal- and private road level crossings (www.arrivealive.co.za). 
There are approximately 8620 level crossings in total at present (State of Railway Safety 
In South Africa Annual Report 2008/2009, 2009). Level crossings present a significant 
safety risk to railway users and especially road user. A  total  of  181  level  crossing  
collisions  were  recorded  during  the  2009/10  reporting period of the Railway Safety 
Regulator whereof 125 injuries and fatalities were reported (South African Railway State 
of Safety 2009/10, 2010). 
Knowing how level crossings operate could save lives. Up to 95% of crashes at level 
crossings are caused by driver error, according to international police statistics. It was 
found that this is largely attributable to inattention, driver distraction, risk taking, 
disobeying and lack of knowledge of the road rules and sometimes suicide attempts 
(www.arrivealive.co.za). These behaviours are affected by several attributes, such as: 
the category of warning device, volume of vehicular traffic, volume of train traffic, visibility 
conditions, age of driver, driver’s gender, driver’s population group, day of the week, time 
of the day, road type and vehicle type. There is very little the train driver can do to 
prevent a collision or minimise its effects, as it takes about up to 1 kilometre for a train 
that is traveling between 70 - 80km/h to come to a complete stop (Rail Safety Core 
Issues, 2007). 
To prevent and manage accident at level crossings, traffic control for road users at level 
crossings uses a combination of warning signs, lights and boom gates in South Africa. 
Because of the few level crossing deaths as percentage of total road deaths, it is difficult 
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to obtain money for building infrastructure that eliminates level crossings. However, due 
to the severity of the incidents they are all extensively reported in the media. During the 
2008/9 reporting period of the Railway Safety Regulator Metrorail spent R800 000 on 
level crossing collisions and R400 000 during the 2009/10 reporting period. While 
Transnet spent R16.4 million during the 2008/9 reporting period and R25.9 million during 
the 2009/10 reporting period of the Railway Safety Regulator on level crossings in 
general (South African Railway State of Safety 2009/10, 2010). 
 
1.2 Aim 
The aim of this project is to determine the key causal factors of accidents at level 
crossings in South Africa. The contribution of each factor to accident occurrence is 
investigated and potential management interventions are proposed. 
 
1.3 Problem Statement 
Annually, a number of fatal accidents occur at level crossings in the South Africa. It is 
postulated that many of these accidents could be avoided if the road and rail systems 
and intersections are managed better. The research problem at hand is to try and 
determine why this class of accidents still occur and to indicate how management can be 
improved to reduce the number of incidents annually.  
 
The objective of this project is to propose a suitable management intervention strategy 
with a view to reduce the annual number of collisions at level crossings in South Africa. 
Some key research questions to be answered include: 
• What are the main causes for level crossing collisions occurring? 
• Do these causes influence each other? 
• What safety measures should be enforced? 
• Why have these safety measures not been implemented yet? 
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1.4 Limitations and Scope of Study 
The project is constrained by time, budget and data availability. The time constraints are 
300 working hours and no budget was available to this study.  Data on level crossing 
collisions are not made public, it is against the railway police’s policy to share this class 
of information. The Provincial Government of the Western Cape supplied data of 
accidents on level crossings from 1999 till 2010. It was not able to collect the same 
degree of data from the rest of the country. The 135 accidents from the Western Cape 
are enough data to perform statistical calculations on and make statistically significant 
conclusions of.  
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1.5 Methodology 
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FIGURE 1: METHODOLOGY FLOWCHART 
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1.5.1 Phase 1 
1.5.1.1 Gather Data 
Firstly data will be needed for this study. It is important to start gathering data from the 
start because this could be a time consuming job. The study cannot commence before 
data is collected. Once data has been collected the specifics of the study can be planned 
by looking at the degree of the data.  
 
Human resources such as Traffic Departments, Transnet, Metrorail, Police, Railway 
Police, RTMC and Municipalities will be approached for their data.  
 
1.5.1.2 Data Cleaning 
The gathered data has to be ‘cleaned’ in preparation for the use of it in the study. It is 
cleaned in Excel. Only data on the driver will be used, since passenger data will be 
useless for the purpose of this study. There should be no duplicated accidents in the 
data. Duplications needs to be removed.  
 
1.5.1.3 Pareto Analysis 
After the data has been cleaned a pareto analysis needs to be done to determine which 
attributes of the data are the most important. A pareto analysis will eliminate those 
variables of a collision that will have no effect on the study. It also ensures that no 
unnecessary time is wasted. The pareto analysis will identify the independent variables. 
 
1.5.1.4 Correlation Calculations 
Correlation calculations are done to compare two variables of a collision to each other, it 
can be done in R. If the correlation between the variables the correlation coefficient is 
equal or close to -1 or 1 then the two variables have a strong correlation. It is necessary 
to do this for all the variables. A strong correlation between variables indicates that not 
both of those variables have to appear in the regression study. The University of 
Stellenbosch’s Department of Statistics can be approached for help.  
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1.5.1.5 Regression Study 
A regression study has to be done on the data obtained. The correlation study done 
previously pointed out which variables are strongly correlated. One of the strongly 
correlated variables can be left out of the regression study. A dependent variable needs 
to be identified. For this study it injury will be the dependent variable. Methods on what 
type of regression will be researched, finally logistical regression will be identified. The 
regression calculations will be done in R. The statistically significant variables will form 
part of an equation. This equation will state which variables contribute to the chance of a 
injury occurring in a collision and what weight they carry. The University of 
Stellenbosch’s Department of Statistics can be approached for help.  
 
1.5.1.6 Process Results 
The results can be analysed by looking at the previously mentioned equation. The 
contribution of one of the categorical variable’s presence or absence contributes to the 
likelihood of an accident occurring can be determined by analysing the equation. The 
University of Stellenbosch’s Department of Statistics can be approached for help.  
 
1.5.1.7 Analyse the Results 
The meaning and implication of the results will be discussed in this section. Possible 
reasons for the outcome will be identified. 
 
1.5.2 Phase 2 
1.5.2.1 Evaluating One Level Crossing 
A sample of one level crossing will be evaluated to determine whether it conforms to the 
standards that are set by the South African Department of Transport in the South African 
Traffic Road Signs Manual (Brain, 1999). This is necessary to determine whether the 
fault lies with the system or the driver. James Denton, a technical officer at the level 
crossing in question will be interviewed.  
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1.5.3 Phase 3 
1.5.3.1 Case Study 
One accident, which occurred at the level crossing in question, will be discussed. The 
case study will point out where the fault lies. Once again the question can be asked if it 
was due to driver error or the system that failed.  
James Denton will be interviewed on this matter. Newspaper articles will be used as 
sources to discuss the accident. 
 
1.5.4 Phase 4 
1.5.4.1 Setup the Survey and Evaluation Methods 
A survey is setup to determine whether people understand road signs and markings 
applicable to railway crossings. If it turns out that people do not understand road signs 
and markings, it indicates that people are uneducated. It is necessary to determine this 
because this could be a major cause of collisions occurring. 
Methods for setting up a survey should be studied. Furthermore an evaluation method 
should be setup. The survey population will be defined as all people of different ages, 
genders and population groups who have valid driver’s licences.  
 
1.5.4.2 Test Run Survey 
It is important to perform a test run to make sure the required outcome of the study is 
achieved. The survey should be handed out to a sample of about five people. These 
people should represent the population in question. If there is any confusion on some of 
the questions, the survey should be restructured. A test run should be done on as many 
people as required until the required results are acquired. These people are required to 
give comments or any pointers on the survey. 
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1.5.4.3 Adjust Survey 
After handing the survey out to a small sample of people the results should be 
evaluated. If the results are not satisfactory the survey should be restructured in the 
necessary manner. After restructuring the survey another test run should be done to 
make sure the survey has the required outcome. 
 
1.5.4.4 Hand Survey Out 
When the survey is complete it should be handed out to 50 people. These people should 
represent the population in question.  
 
1.5.4.5 Evaluate Surveys 
The survey should be evaluated according to the set evaluation technique determined in 
section 1.5.4.1. The K53 (McDonald, 1999), the South African Traffic Road Signs 
Manual (Brain, 1999) and an article from Die Burger (Snyders, 2009) will be used to 
evaluate the answers. A histogram should be drawn up to show the results.  
 
1.5.4.6 Analyse 
A correlation calculation can be done in Excel to determine whether there is a correlation 
between the age of the driver and the result they obtained. Furthermore, the same 
degree of a correlation calculation can be done between the year the driver obtained his 
licence and result scored. This will show whether there is a relationship between the time 
the driver has been driving and the score he obtained.   
The individual sign and road marking results should be calculated to determine which 
signs and road markings are the problem. 
 
1.5.4.7 Evaluate Survey Results against the K53 
The K53 (McDonald, 1999) book is the only knowledge that South African drivers obtain 
when learning road signs and markings. By computing the results of each individual sign 
and road marking a good understanding can be obtained from where the problem lies. 
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This can be done by evaluating the particular signs and markings against that displayed 
in the K53 (McDonald, 1999) book. This part of the study will show whether the learning 
system of South Africa’s road signs and markings are up to standard or not.   
 
1.5.5 Phase 5 
1.5.5.1 Conclusions 
This section is necessary to coordinate results of all phases and to give an overview of 
the bigger picture. 
 
1.5.5.2 Recommendations 
After a conclusion is reached, recommendations can be made on how to address the 
problem at hand. 
 
1.5.5.3 Reflection 
In this section the student will reflect on the whole process of doing a final year project. 
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2. Phase 1: Logistic Regression 
 
2.1 Literature Review 
2.1.1 Calculation of Hazard Indices for Highway-Railway Crossings in Canada 
This study proposes a technique for determining the probability of future accidents at a 
particular crossing based on several crossing characteristics. A collision history of 31000 
crossings is used to determine the formula. Six categories were identified to describe 
each crossing’s 30 different attributes. The study was done in two phases. First, an 8% 
sample of the crossings were used to reduce the number of independent variables, to 
determine what transformations are needed for what variables and lastly to identify the 
important interactions between variables.  The second phase was to calibrate the model. 
The first phase was done by fitting a multiple regression model to determine the 
forecasting of mi accidents occurring in a time interval t at a crossing i. This model 
makes a distinction between rural and urban areas (Zalinger, 1977). 
 
2.1.2 The Calculations of Hazard Indices for Level Crossings in South Africa Was 
Considered 
All of the required data was available to complete the Canadian study, but what happens 
when data is limited? The already reworked stats are published in StatsSA and the State 
of Railway Safety of South Africa, but this does not help to do a regression study. 
The data that was found on South African level crossing collisions was restricted. It was 
impossible to find data on one level crossing’s collision history. The data obtained 
includes 135 accidents of the past 12 years in the Western Cape. A way to evaluate the 
data should be developed.  
The Canadian study’s method for determining hazard indices cannot be followed due to 
lack of data. The data that was obtained is incomplete, and for calculating a hazard 
index complete data on at least one level crossing is necessary.  
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2.1.3 Logistic Regression  
Logistic regression is part of a category of statistical models called generalised linear 
models. Logistic regression allows one to predict a discrete outcome from a set of 
variables that may be continuous, discrete, dichotomous, or a mix of any of these. 
Generally, the dependent variable is dichotomous, such as presence/absence or 
success/failure. Discriminant analysis is also used to predict group membership with only 
two groups. Discriminant analysis can however only be used with continuous 
independent variables. In instances where the independent variables are a categorical, 
or a mix of continuous and categorical, logistic regression is preferred.  
The dependent variable in logistic regression is usually dichotomous, that is, the 
dependent variable can take the value 1 with a probability of success p, or the value 0 
with probability of failure 1-p. This type of variable is called a Bernoulli (or binary) 
variable. Logistic regression makes no assumption about the distribution of the 
independent variables. They do not have to be normally distributed, linearly related or of 
equal variance within each group. The relationship between the predictor and response 
variables is not a linear function in logistic regression, instead the logistic regression 
function is used, which is the logit transformation of p, expressed by:     
(1) 
 
		⋯
1  		⋯
 
Where α = the constant of the equation, βi = the coefficient of the predictor variables and 
xi = the various independent variables 
An alternative form of the logistic regression equation is:   
(2) 
  

1  
      ⋯  
The goal of logistic regression is to correctly predict the category of outcome for 
individual cases using the most sparing model. To accomplish this goal, a model is 
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created that includes all predictor variables that are useful in predicting the response 
variable.   
Theory testing is the testing of hypotheses of the relationships between variables. 
Exploratory testing makes no assumptions regarding the relationships between the 
variables, thus the goal is to discover relationships.     
One of the main uses of logistic regression is the prediction of group membership. Since 
logistic regression calculates the probability or success over the probability of failure, the 
results of the analysis are in the form of an odds ratio. For example, logistic regression is 
often used in epidemiological studies where the result of the analysis is the probability of 
developing cancer after controlling for other associated risks. Logistic regression also 
provides knowledge of the relationships and strengths among the variables (e.g., 
smoking 10 packs a day puts you at a higher risk for developing cancer than working in 
an asbestos mine)   (Logisic Regression, 2009). 
The process by which coefficients are tested for significance for inclusion or elimination 
from the model involves several different techniques. Most statistical software packages 
can calculate which coefficients are statistically significant. One could look at the p value, 
if it is below 0.05 the variable is statistically significant at a 95% confidence level. Or the 
z value could also be used, if it lies outside the -2 to 2 interval it is statistically significant. 
The standard error is also important to keep in mind. 
 
2.1.4 Appropriate Method for This Study 
When looking closer at the data obtained it is clear that the degree of the seriousness of 
a collision can be used in a regression study to determine what variables contribute to 
increasing the damage caused by an accident. The data specifies if an injury has 
occurred in the collision or not.  
There are many different ways to perform a regression study, multiple regression was 
used in the Canadian study. After research it was found that a logistic regression is the 
best way to go.  
  Page 14 
 
 
Statistical software packages that could perform logistic regression and that is available 
to the student is Statistica, R, Minitab, Matlab and Excel.  
 
2.2 Introduction 
The aim of this phase of the study is to identify factors that contribute to serious 
collisions between cars and trains that could cause injuries. Logistic regression will be 
used to identify this. The degree of the injury is ignored, it is assumed that a collision is 
serious when an injury was obtained. It does not acknowledge the difference between a 
slight injury and a fatality. This study merely focuses on whether a collision has an injury 
as result or not  
 
2.3 The Data 
Data of car accidents with trains was collected of the Western Cape area from the period 
of 1999 till 2010. 135 incidents were reported in this period. 
Each collision’s data set consists of the following fields: capturing authority, accident 
number, road name, road description, node description, kilometre value, police station, 
date, weekday, time, obstructions, road type, sign visibility, accident type, specified 
cause, vehicle reference number, vehicle type, vehicle registration number, manoeuvre, 
travel direction, person type, injuries, population group, gender and age. 
 
2.4 Data Cleaning 
Data cleaning was needed. The 135 accidents include data on the driver and 
passengers of the car. It is postulated that in a collision that is serious enough to injure 
the passenger, the driver will also be injured. In order to make useful conclusions from 
the data, the passengers needed to be removed. There were a few cases where one 
accident was reported more than once and thus duplicate accidents had to be removed. 
In the end data on 83 collisions remained. The study was thus performed on a 
population of 83 cases.  
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2.5 Pareto Analysis 
After data cleaning it was necessary to decide which variables will contribute to the 
likelihood of an injury occurring. It was decided to look at weekday, time, obstructions, 
road type, sign visibility, vehicle type, injuries, population group, gender and age as the 
independent variables. The rest of the variables will not contribute to this study. 
Time and age are quantitative data. The rest of the variables are categorical. Table 1 
shows the different categories for each variable.   
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TABLE 1: UNSORTED CATEGORICAL VARIABLES OF ACCIDENT DATA 
Name of Category Attributes 
Day of the week Monday 
Tuesday 
Wednesday 
Thursday 
Friday 
Saturday 
Sunday 
Obstructions None 
Road works 
Other 
Road type Gravel  
Tarmac 
Dirt 
Concrete 
Other 
Unknown 
Sign visibility Yes 
No 
N/A 
Vehicle type Motor car/station wagon 
Other vehicle 
Light delivery vehicle 
GVM>3500Kg: (greater than) 
Tractor 
Truck : Articulated multiple 
Truck: Articulated 
Bus-train 
Unknown 
Population group White 
Coloured 
Black 
Asian 
Unknown 
Gender Male 
Female 
Unknown 
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Some of these categories have very low frequencies and thus have no effect to the 
occurrence on an injury. Such categories should be grouped to give more meaningful 
output. The pareto analysis’ outcome determined that the category obstructions was 
removed as a whole due to its low counts. The grouping was done as shown in Table 2. 
 
TABLE 2: SORTED CATEGORICAL VARIABLES OF ACCIDENT DATA 
Name of 
Category 
Attributes 
Day of the week Monday 
Tuesday 
Wednesday 
Thursday 
Friday 
Saturday 
Sunday 
Road type Gravel  
Tarmac 
Other RdType (Dirt + Concrete + Other + Unknown) 
Sign visibility Yes 
No 
N/A 
Vehicle type Motor car/station wagon 
Other vehicle (Other vehicle + Unknown) 
Light delivery vehicle 
Big Vehicles (GVM>3500Kg: (greater than) + Tractor + Truck : Articulated 
multiple + Truck: Articulated + Bus-train) 
Population group White 
Coloured 
Black 
Unknown PopGroup (Asian + Unknown) 
Gender Male 
Female 
Unknown 
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2.6 Correlation Calculations  
Correlation calculations were performed in R, a statistical software package. The data is 
fed into R. Injury is defined as the dependent, binary variable Y, where 
Y =  1, if an injury occurs 
0, if there is no injury 
The independent variables, can be seen in Table 3, are fed into R to perform a 
correlation calculation. 
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TABLE 3: INDEPENDENT VARIABLES 
Variable Category of 
Variable 
Variable Description Variable 
Type 
Value of 
Variables 
X1 Day of the Week Day Integer 1 - 7 
X2 None Time Decimal 0 - 24 
X3 Road Type Gravel Binary 0 - 1 
X4 Tarmac Binary 0 - 1 
X5 Other Road Type Binary 0 - 1 
X6 Visibility Yes Binary 0 - 1 
X7 No Binary 0 - 1 
X8 N/A Binary 0 - 1 
X9 Vehicle Type Motorcar or Station wagon  Binary 0 - 1 
X10 Other Binary 0 - 1 
X11 Light Delivery Vehicle Binary 0 - 1 
X12 Big Vehicle Binary 0 - 1 
X13 Population Group White Binary 0 - 1 
X14 Black Binary 0 - 1 
X15 Coloured Binary 0 - 1 
X16 Unknown  Binary 0 - 1 
X17 Gender Male Binary 0 - 1 
X18 Female Binary 0 - 1 
X19 Unknown Gender Binary 0 - 1 
X20 None Age Integer 0 - ∞ 
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A correlation study is done to determine whether there are underlying correlations 
between the variables. If a strong correlation is found between two variables, one of 
them can be thrown out of the regression calculation.   
 
 
FIGURE 2: SCREENSHOT OF CORRELATION CALCULATION IN R 
 
It is clear from Figure 2 that each category has a correlation with itself. Thus X5, X8, X12, 
X16 and X19 will most likely have to be removed from the data in order to perform a 
regression study. The data will be left untouched, until the regression study confirms this 
theory. 
 
2.7 Regression Study 
The zero hypothesis (Ho) of the regression study is that states that there are no specific 
variables that contribute to the likelihood of an injury occurring. If a p value smaller than 
0.2 is found the hypothesis can be rejected. 
The regression calculations is done in R, see Figure 3. 
  Page 21 
 
 
From Figure 3 X5, X8, X12, X16 and X19 do not produce an output due to the correlation 
between the variables of one category. This output is supported by what was found in 
the correlation calculations. Thus these variables should be left out of the regression 
calculation. A modified regression calculation is repeated in R and the resulting output 
can be seen in Figure 4. 
 
 
 
 
 
 
Figure 3 : SCREENSHOT OF FIRST REGRESSION CALCULATION IN R 
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From Figure 4 we can make the conclusion that X1, X2, X4, X6, X10 and X11 are 
statistically significant and thus reject H0 for these variables. Thus the likelihood of an 
injury occurring when in an accident with a train can be represented by equation 5. 
(3) 
Logit	P	Y  1	|	X	 	 	Log
P	Y  1	|	X1, X2, . . . X20
PY  0	|	X1, X2, . . . X20
 
 	4.30264	  0.6218101	  0.2537002	  	2.0897704	  	1.9460706	  	2.09023010	  	3.14577011 
(4) 
P	Y  1	|	X	
PY  0	|	X	
 445 
 6.7896	:8.9;<	:8.=7>8<	:	.8;?>><6		.?698><9	:	.8?87<8		7.6=>>< 
(5) 
@A  0	|	0	 	 	1  	@A  1	|	0		
@A  1	|	0	 	 	
BC.DE	FC	GE.F	HI	GE.	JDKEI		G		.EHLKKIC	M	.LCFEKIF	G		.ELE	DIE	M	D.CJKKI
BC.DE	FC	GE.F	HI	GE.	JDKEI		G		.EHLKKIC	M	.LCFEKIF	G		.ELE	DIE	M	D.CJKKI
   
 
Figure 4: SCREENSHOT OF MODIFIED REGRESSION CALCULATION IN R 
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Where X1 is the day of the week, X2 is the time of the day, X4 denotes driving on tarmac, 
X6 denotes good visibility, X10 denotes driving in another type of vehicle and X11 denotes 
driving in a light delivery vehicle.  
From the regression study’s results, X1’s coefficient is -0.62181, it can be postulated that 
as Y increases (an injury occurs) the day of the week decreases. This means that it is 
more likely to be injured early in the week. Even though there are more accidents 
towards the middle of the week according to the data, these accidents are not as 
serious. This can be seen in Figure 5. The percentage of injuries versus accidents on a 
specific day can be seen in Figure 6.  
X2’s coefficient is -0.25370 from the regression study’s results, it can be postulated that 
as Y increases (an injury occurs) the time of the day decreases. This means that it is 
more likely to be injured earlier in the day according to the data. Even though there are 
more accidents later in the day, these accidents are not as serious. This can be seen in 
Figure 7. The percentage of injuries versus accidents in a specific time interval can be 
seen in Figure 8.  
From the regression study’s result, X4’s coefficient is - 2.08977, it can be postulated that 
if driving on tarmac the likelihood of an injury occurring decreases. This means that it is 
less likely to be injured when driving in on tarmac than on any other road surface. This 
can be seen in Figure 9. Figure 10 shows the percentage on injuries versus the 
collisions attributable to the type of road. It is not clear from this figure that this has the 
lowest injury history, this is due to the low frequencies of the other two types of roads. 
The low frequencies cause a big standard error when doing the regression study.  
From the regression study’s results, X6’s coefficient is + 1.94607, it can be postulated 
that if there is good visibility the likelihood of an injury occurring increases. This can be 
seen in Figure 11 and Figure 12. It is not clear from Figure 12 that the visibility increases 
the chance of being injured when comparing it to the other two categories. This is once 
again due to the low frequencies of the other two categories, the low frequencies cause 
a big standard error when doing the regression study. Figure 12 shows that when the 
visibility conditions are good then there is a 32% chance of being injured. This result 
merely indicates that lack of visibility is not a main cause of injuries occurring.  
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From the regression study’s results, X11’s coefficient is + 3.14577, it can be postulated 
that if a light delivery vehicle is present, the likelihood of an injury occurring increases. 
This means that it is more likely to be injured when driving in a light delivery vehicle than 
in any other form of vehicle. This can be seen in Figure 13. In contrast to this, it can be 
said that when driving in any other form of vehicle other than a motor car/station wagon, 
light delivery vehicle, GVM>3500Kg, tractor, truck: articulated multiple, truck: articulated 
and a bus-train the chance of being injured decreases. This conclusion is derived from 
X10’s coefficient which is - 2.09023. This can also be seen in Figure 13. A clear 
illustration of these results can be seen in Figure 15. Figure 14 shows that light delivery 
vehicles have the highest injury percentage of 61% and other vehicles have a low injury 
percentage of 12%. Both of these categories have high frequencies.  
 
 
FIGURE 5: COLLISIONS VERSUS INJURIES ON A SPECIFIC DAY OF THE WEEK 
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FIGURE 6: PERCENTAGE INJURIES ON DAY OF THE WEEK 
 
 
FIGURE 7: COLLISIONS VERSUS INJURIES IN SPECIFIC INTERVALS 
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FIGURE 8: PERCENTAGE INJURIES DURING TIME OF THE DAY 
 
 
FIGURE 9: COLLISIONS VERSUS INJURIES ATTRIBUTABLE TO TYPE OF ROAD 
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FIGURE 10: PERCENTAGE INJURIES ATTRIBUTABLE TO ROAD TYPE 
 
 
FIGURE 11:  COLLISIONS VERSUS INJURIES ATTRIBUTABLE TO VISIBILITY 
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FIGURE 12: PERCENTAGE INJURIES ATTRIBUTABLE TO VISIBILITY 
 
 
FIGURE 13: COLLISIONS VERSUS INJURIES ATTRIBUTABLE TO TYPE OF VEHICLE 
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FIGURE 14: PERCENTAGE INJURIES ATTRIBUTABLE TO VEHICLE TYPE 
 
2.7.1 Process the results 
The odds equation as calculated from the regression study, this is equation 4: 
 
445  6.7896	:8.9;<	:8.=7>8<	:	.8;?>><6		.?698><9	:	.8?87<8		7.6=>>< 
 
The following analysis of the results is necessary to determine what the effect of 
changing variables on the odds would have.   
 
1. Day of the week 
How would the odds be influenced by changing the day of the collision? 
(6) 
445NBO 	 	 445PQR 	S 	
:8.9;N 
Where n is the number of days changed to (it should be noted that this number could be 
positive or negative) 
2. Time of the day 
How would the odds be influenced by changing the time of the collision? 
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(7) 
445NBO 	  	 445PQR 	S 	
:8.=7>8T 	
Where t is the number of hours changed to (it should be noted that this number could be 
positive or negative) 
3. Road surface = Tarmac 
How would the odds be influenced by changing the road surface to or from tarmac? 
(8) 
445NBO 	 	 445PQR 	S 	
:	.8;?>>U	 
Where r is presence or absenteeism of tarmac (it should be noted that this number could 
be 1 or -1) 
4. Visibility = Yes 
How would the odds be influenced by changing the visibility to or from yes? 
(9) 
445NBO 	 	 445PQR 	S 	
:	.?698>V	
 
Where v is presence or absenteeism of good visibility (it should be noted that this 
number could be 1 or -1) 
5. Vehicle type = Other type of vehicle 
How would the odds be influenced by changing the vehicle type to or from other type of 
vehicle? 
(10) 
445NBO 	 	 445PQR 	S 	
.8?87W	
 
Where a is presence or absenteeism of other type of vehicle (it should be noted that this 
number could be 1 or -1) 
6. Vehicle type = Light delivery vehicle 
How would the odds be influenced by changing the vehicle type to or from light delivery 
vehicle? 
(11) 
445NBO 	 	 445PQR 	S 	
7.6=>>X	
 
Where b is presence or absenteeism of other type of vehicle (it should be noted that this 
number could be 1 or -1) 
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2.7.2 Analyse for results 
The reason injuries are more likely to occur a certain time of the week is hard to clarify. 
From the data it seems to be more likely to get injured earlier in the week even though 
there are a great deal more collisions towards Friday. This is merely a postulation. 
Further analysis is recommended. 
Declaring the reason for the time of the day when injuries are most likely to occur is 
more straightforward than the day of the week. Firstly the reason why there are fewer 
collisions late at night and in the early morning hours are due to the fact that there is far 
less train traffic at night the same goes for vehicle traffic. The most vehicular and train 
traffic is during peak hours (06:00 till 09:00 and 16:00 till 19:00). The fact that injuries are 
more likely to occur in the early morning hours, until about 09:00, could be due to people 
who are in a hurry to get to work driving fast. The visibility is also much less before 
09:00, thus it could be hard to see warning devices and trains. The last possible reason 
why the injury rate is high between 00:00 and 06:00 could be due to people driving 
intoxicated. 
Tarmac decreases the chance of being injured according to this study. Even though 
tarmac has the most collisions it is the least likely road type to be injured on. This could 
be as a result of good warning devices or trains and cars traveling slower in urban areas, 
tarmac level crossings can mostly be found in urban areas. 
The fact that the results of the regression study points out that good visibility increases 
the chance of an injury occurring could be misleading. This result merely means that bad 
visibility is not the main cause of injuries occurring. If the visibility is good, but collisions 
and injuries still occur one of the reasons for this could be driver error as being the cause 
of the collision. This could be due to failure of understanding of the warning signs. The 
other possibility could be due to bad warning devices implemented.  
Any vehicle that is not a motor car/station wagon, light delivery vehicle, has a 
GVM>3500Kg, tractor, truck: articulated multiple, truck: articulated and a bus-train 
decreases the chance of being injured according to the results of the regression study. 
This is only a postulation. These vehicles could include motorcycles, bicycles, quadru-
cycles or any other vehicle not included in this study. The reason for this could be due to 
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the size of the these vehicles, like motorcycles are small and even though the driver is 
more exposed to injuries they are more agile than big vehicles. 
Light delivery vehicles tend to increase the chance of injury. This type of vehicle does 
not the highest frequency of accident, but has the highest percentage of injuries 
occurring at 61%. This could be because these vehicles are in a competitive industry 
and therefore travel at higher speeds and could thus ignore warning devices. The driver 
could be distracted by trying to find his destination or just merely be taking chances. 
Furthermore, an assumption could be made that delivery vehicles are designed to 
deliver items and not necessarily have good safety features. This could also be a reason 
for the high injury rate. 
 
2.8 Conclusion 
In this phase variables were identified that contribute to the likelihood of an injury 
occurring, these variables were identified as day of the week, time of the day, good 
visibility, type of road and type of vehicle. Of all the variables playing a role in the 
likelihood of an injury occurring, visibility was the only one that pointed out that driver 
error and, thus, a possibility of lack of knowledge or just ignorance, this is a variable that 
can be controlled. Driver error could be caused by bad signage at level crossings.  
There is nothing that can be done to reduce the number of injuries occurring on a certain 
day of the week. A level crossing is designed for every day of the week. It was identified 
that injuries occur earlier in the day. Peak hours will always have lots of traffic, thus 
nothing can be done to prevent injuries during morning peak hours. But to prevent after 
midnight injuries authorities should clamp down on drunk drivers, assuming that some of 
these collisions were due to driving under the influence. A level crossing’s warning 
devices are designed to regulate traffic when the most traffic is present. Furthermore 
there is nothing that can be done to prevent injuries from happening on tarmac roads, 
the surface cannot be changed, it is consistent. There is also nothing that can be done to 
the types of vehicles that pass over the level crossing. 
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The next phase will evaluate a sample of a level crossing to see whether it complies with 
set standards on warning devices and signage to determine whether driver error is due 
to inadequate signing. 
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3. Phase 2: Evaluation of One Level Crossing 
 
3.1 Literature review 
3.1.1 South Africa’s Level Crossings 
“The South African Road Traffic Signs Manual is set up to illustrate and give guidelines 
on how road traffic signs i.e. road signs, road markings and traffic signals may be utilised 
collectively at railway crossings.” (Brain, 1999). 
If a level crossing does not comply with the standards set in The South African Road 
Traffic Signs Manual (Brain, 1999), the level crossing is illegal.  
Additionally, South African National standards were approved by National Committee 
StanSA TC 5120.66, National steering committee for railway safety standards, in 
accordance with procedure of Standards South Africa, in compliance with annex 3 of the 
WTO/TBT agreement. SANS 3000 consists documents, under the general title Railway 
Safety management (Standards, 2011).  
. 
3.1.2 International Level Crossing Awareness Day 
Thursday the 9th of June has been earmarked as the 2011 International Level Crossing 
Awareness Day (ILCAD) with the motto “Act safely at level crossings”. This a joint 
commitment continuing from the success of the first European Level Crossing 
Awareness Day held on 25th June 2009 in 28 countries to raise public awareness on the 
dangers of misbehaviour at level crossings. The purpose of this campaign is because, 
when compared to other rail operational statistics, an acceptable high percentage of 
people die or are injured in accidents at level crossings.  
In the majority of cases due to misuse by motorists and pedestrians whilst the popular 
misconception is that these fatal accidents are a railway problem. Conferences on the 
issue show that the only really effective way to decrease the number of accidents, short 
of closing all level crossings, is education -highlighting the risks and making people 
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aware of the potential consequences if they do not follow the simple rules of the road 
(International Level Crossing, 2011). 
 
3.1.3 Does Public Education Improve Rail-Highway Crossing Safety?  
Improvements in rail–highway level crossing safety have resulted from engineering, law 
enforcement, and educating the public about the risks and the actions they should take. 
The primary form of education is a campaign called Operation Lifesaver in America, 
which started in the 1970s. Savage (2006) used a negative binomial regression to 
estimate whether variations in Operation Lifesaver activity across states and from year-
to-year in individual states are related to the number of collisions and fatalities at 
crossings. Annual data on the experience in 46 states from 1996 to 2002 are used. The 
analysis finds that increasing the amount of educational activity will reduce the number 
of collisions with a point elasticity of −0.11, but the effect on the number of deaths cannot 
be concluded with statistical certainty (Savage, 2006). 
 
3.2 Introduction 
Guidelines on how road traffic signs (i.e. road signs, road markings and traffic signals) 
should be utilised collectively at a railway crossing are given in chapter 7 of the South 
African Road Traffic Signs Manual (Brain, 1999), published by the department of 
transport of South Africa in 1999. This study is focussed on the winelands area, a 
sample will be taken of the biggest level crossing in the area. The study will check 
whether the level crossing complies with the guidelines set by of the South African Road 
Traffic Signs Manual (Brain, 1999). If it does however comply it indicates that when a 
collision happens the fault lies with the driver of the vehicle. 
The level crossing at Bergkelder is one of Stellenbosch’s biggest level crossings. It is 
situated next to Adam Tas drive and connects the Plankenbrug industrial area to the rest 
of Stellenbosch. Figure 15 is a map indicating the location of it (for a whole picture of 
Stellenbosch see Appendix A and for photos of Belgkelder level crossing see Appendix 
E). Bergkelder crossing falls under urban crossing of parallel railway lines, see Appendix 
D. There has been one fatal accident since 2009, but many near misses. According to 
the technical maintenance officer, James Denton, there are weekly near misses (a near 
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miss is defined as when a car collides with the boom) that damage the booms. The 
repair of these booms is costly. The question should be asked: “Why do so many near 
misses happen?” 
 
  
FIGURE 15: STELLENBOSCH ROAD MAP 
There are various circumstances that may affect the level of signing recommended at a 
road/rail crossing point. The most relevant factors are: a poor accident record, the 
approach speed of the vehicle and train, visibility of approaching trains by vehicle 
drivers, the presence of overhead electrical power cables, the vehicle and train traffic 
volumes, the number of rail lines and the proximity to a station. (Brain, 1999) 
Due to the high risk of fatalities or serious injuries for the occupants of the car it is 
extremely important to firstly achieve the highest form of conformity with the 
recommended standard signing practice at level crossings, and, secondly, high 
standards of maintenance of signs, markings and signals should be upheld. (Brain, 
1999) 
 
3.3 Bergkelder Level Crossing 
A census was done in October 2008 that identified roughly 1144 cars crossing this level 
crossing from 07:00 to 08:00 and 1268 cars crossing it between 16:30 and 17:30. 
Bergkelder 
Level Crossing 
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Furthermore, there are roughly between 25 and 30 trains passing through this level 
crossing per day. Most trains travel during peak hours, according to James Denton. 
These counts can be seen in Appendix B. 
This is an urban area; cars may travel a maximum speed of 60 km/h and trains travel at 
40km/h. According to the definition of road classes George Blake, this is the road that 
has the Bergkelder level crossing in, is a class C road (the classification of roads can be 
found in Appendix G). Adam Tas road is a class B road, it is served by George Blake 
road. 
At Bergkelder all the signs, markings and signals are tested every Thursday. If one of the 
warning devices has been damaged it is repaired within the same day as reported.  
 
3.4 Modes of Control 
Road traffic signs provided at railway crossings for the protection of users fall into two 
basic functional groups. The first being warning signs and markings comprising of 
advance warning signs, which may be varied according to the specific site 
circumstances, together with various hazard maker warning signs. The second is 
regulatory control signs, markings and signals for the control of vehicular traffic at 
crossings. 
There is a formal classification of railway crossings set by the South African Road Traffic 
Signs Manual for the purpose of establishing the required level of signing protection and 
mode of control. This formal railway crossing classification is detailed in Table 4.  
Bergkelder crossing has multiple low speed lines and is 15m wide. The visibility does not 
comply with specifications in Table 5, thus the sight distance is restricted. Therefore a 
class 4A/B is recommended with a possibility of an upgrade to a higher level 4C/D if the 
crossing has a bad accident history.  
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TABLE 4: RAILWAY CROSSING CLASSIFICATION 
(Brain, 1999) 
TABLE 5: VISIBILITY DISTANCE ALONG RAIL LINE FOR STOP CONTROL 
(Brain, 1999) 
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The protection classification can be found in Table 6. These signs and markings can be 
found in Appendix C. Furthermore, the train driver is required to give sufficient warning to 
users of the roadway of its intent to cross the roadway. This warning is normally given by 
a whistle or hooter or other sound device. Bergkelder’s whistle boards are located 500m- 
and the next at 100m from the level crossing.  
 
TABLE 6: PROTECTION CLASSIFICATION 
(Brain, 1999) 
 
3.5 Signing Applications for Urban Situations 
Since the potential for train-vehicle collisions is somewhat greater at urban crossings 
than at rural crossings, the level of signing at main line urban crossings should 
commonly include the signs classified as optional for rural crossings, thus Bergkelder 
crossing should have class 4C/D protection. This type of protection can also be found in 
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Table 6 as the Mode of Control. The appropriate road signs and markings can be found 
in Appendix C. 
The choice or the method of control for an urban railway crossing will be dictated by a 
combination of three factors. Firstly, what are the road traffic volumes, secondly what the 
road to rail visibility is and lastly, what is the frequency and speed of train traffic? 
It is likely that urban railway crossings will operate with significantly lower train and 
vehicle approach speeds than rural crossings, but on the other hand they are likely to 
have higher road and rail traffic volumes. The result is that a large percentage of 
mainline railway crossings in urban areas require flashing red disc signals and a stop 
sign R1 control, see Appendix C.  
Bergkelder crossing falls under urban crossing of parallel railway lines, see Appendix D. 
This is a particularly difficult urban situation to sign with clarity. The railway lines are 
commonly very close to the parallel road, so that very little warning can be given on one 
of the crossing road approaches if the presence of the lines is not obvious from the 
parallel road. Special attention must therefore be given to the need for optional signing. 
The method of traffic control must conform to the normal requirements, in Bergkelder’s 
case is a stop sign R1 and a flashing red disc signal. It occurs on a class C road (George 
Blake road, see Appendix G for road class definitions) parallel to a class B road (Adam 
Tas road). The class of the level crossing is a MLS (Multiple Low Speed lines). The level 
of protection is a class 4C, in addition a half width boom has been added due to the 
really bad visibility conditions and is not a regular form of railway crossing control. 
When parallel road and rail lines are close together it may be advisable to provide a 
specially designed illustrative sign to inform drivers of the level crossing. The Adam Tas 
junction turn off has a traffic light which helps regulate the traffic. When a train is 
approaching the traffic lights regulate the approaching traffic from Adam Tas towards 
Plankenbrug to stop. 
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3.6 Conclusion 
The signages at Bergkelder level crossing comply with those specifications given by 
South African Road Traffic Signs Manual (Brain, 1999), see Appendix D for all 
Bergkelder’s warning devices and signs. Inadequate signage is thus not a factor when it 
comes to collisions. Still, there are collisions and numerous of near misses that occur 
here. A case study needs to be done to confirm this. Newspaper articles have to be 
observed of the collision that took place in 2009 to get information on it. 
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4. Phase 3: Case Study 
 
4.1 Introduction 
This chapter discusses the last fatal accident that occurred at the Bergkelder level 
crossing to further investigate causes of an actual collision. This case study will reveal 
why typical collisions occur. On 9 October 2009 there was a fatal accident at the 
Bergkelder level crossing. The following article reveals the details. 
 
4.2 Collision Details  
Excerpt from an article published in Die Burger on 10 September 2009. 
The motorist who died at the level crossing on 09-09-09 at 09:20 drove that particular 
road daily. Mark Hartzenberg, 43, and passenger Mthunzi Maxiniva, 32, died when their 
bakkie was hit by a train on the outskirts of Stellenbosch. The bakkie was dragged for 
476m.  
 
FIGURE 16: TRAIN CRASH AT BERGKELDER 
       (Gerber, 2009) 
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A co-worker of the deceased said that he could not understand how the accident could 
have happened, as Hartzenberg knew the road well. A bystander saw one of the men 
moving in the bakkie. The other man was unconscious. The police was called almost 
immediately.  
Emergency rescue personnel, fire-fighters, police and traffic officers as well as Metrorail 
employees also arrived. Hartzenberg and Maxiniva both died on the scene. The force of 
the collision tore the cabin of the white Isuzu bakkie apart. "The deceased had to be cut 
from the vehicle," said ER24 spokesperson Tristan Wadeley. 
The train was travelling from Muldersvlei to Cape Town. No passengers were injured but 
the railway line was closed for several hours, said Metrorail spokesperson, Riana Scott. 
The railway line was reopened at 12:43. 
According to Riana all 34 railway crossings in the area met the necessary requirements. 
There were warning signs and flashing lights at each of the crossings. 
The train driver and a train guard were treated for shock. Stellenbosch police 
spokesperson, Captain René Matthee said a case of culpable homicide was being 
investigated but was found not guilty according to Mr. James Denton (Gerber, 2009). 
 
The following articles backup the previous article “Two die in level crossing accident” 
(Gerbi, 2009) and “Union urges action at dangerous level crossings” (Gerbi, Union urges 
action at dangerous level crosings, 2009).    
 
It seems to be common knowledge that drivers can be held accountable for most 
accidents. “Most crashes involved cars, four-wheel drives, vans and utilities and a study 
shows that the driver's failure to take sufficient care or action was the major cause.“ 
(www.arrivealive.co.za). 
Metrorail are doing a lot to try and prevent accidents on level crossings. Riana Scott, 
head of Marketing & Communication at Metrorail Western Cape Region, said that the 
signals are checked every week to make sure they work properly. “There are regular 
safety campaigns to raise awareness so that our commuters and stakeholders can know 
the dangers involved.” Scott added that Metrorail is working closely with the law 
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enforcement agency to increasingly clamp down on motorists who disobey the law. 
Offenders will be fined (Snyders, 2009). 
Near misses and booms being damaged have happened a lot since 2000. The hot spots 
are Military Road crossing, Butskop Road crossing, Bergkelder crossing and Vlaeberg 
Road according to Scott (Snyders, 2009). 
 
4.3 Conclusion 
According to Riana Scott, Bergkelder level crossing met the necessary requirements 
during that time and currently does as well as determined in the previous chapter. 
According to Arrive Alive, “the driver's failure to take sufficient care or action was the 
major cause” of collisions occurring at level crossings.  
Accidents still happen even though adequate warning devices and signage are installed. 
The fact that there are sufficient warning systems points to driver ignorance or it could 
point to lack of knowledge. Driver ignorance cannot be determined, but lack of 
knowledge can be tested by doing a survey test. This is covered in the next phase. 
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5. Phase 4: Survey 
 
5.1 Literature Review 
5.1.1 Establishing the Aims of Your Research 
Establishing the aims of your research is the single most important step in a survey 
study, every single element of the survey must refer back to the design, otherwise the 
output of the survey will be weak (Shuttleworth, 2008). 
 
5.1.2 Researching and Determining Your Sample Group 
This is the next crucial step is ensuring accuracy in the survey. The success of the 
research is dependent on the representativeness of the population of concern, since 
survey research is always based on a sample of the population (www .wikipedia.org). 
Quantity is not the best way to achieve accuracy, rather focus on a covering all the 
representatives of a population (Shuttleworth, 2008). 
 
5.1.3 Structuring and Designing the Questionnaire 
The design of the questionnaire depends upon the type of survey and the target 
audience. The questionnaire must be kept as short as possible; people will either refuse 
to fill in a long questionnaire or get bored or distracted halfway through. If the survey 
does have lots of information then it may be preferable to offer multiple-choice or rating 
questions (Shuttleworth, 2008). 
 
5.1.4 Rules for Writing Good Survey  
There are a few simple rules that should be followed when designing a survey (Dillman, 
1978).  
• Rule 1: Use correct spelling, punctuation and grammar style. 
• Rule 2: Use specific questions 
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• Rule 3: Use a short introduction to question behaviours. In this way you cannot only 
refresh the memory of the respondent, but also explain what you mean with the 
concept you are using.  
• Rule 4: Avoid the use of technical terms and jargon.  
• Rule 5: Avoid questions that do not have a single answer.  
• Rule 6: Avoid negative phrasing. This could lead to confusion. 
• Rule 7: Avoid words and expressions with multiple-meanings, like any and just. 
• Rule 8: Avoid stereotyping, offensive and emotionally loaded language. 
  
5.1.5 Response Formats 
Usually, a survey consists of a number of questions that the respondent has to answer in 
a set format. A distinction is made between open-ended and closed-ended questions. An 
open-ended question asks the respondent to formulate his own answer, whereas a 
closed-ended question has the respondent pick an answer from a given number of 
options. The response options for a closed-ended question should be exhaustive and 
mutually exclusive. Four types of response scales for closed-ended questions are 
distinguished: 
• Dichotomous, where the respondent has two options (e.g. true or false) 
• Nominal-polytomous, where the respondent has more than two unordered 
options 
• Ordinal-polytomous, where the respondent has more than two ordered options 
• Continuous, where the respondent is presented with a continuous scale 
A respondent's answer to an open-ended question can be coded into a response scale 
afterwards, or analysed using more qualitative methods (www.wikipedia.org).
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5.2 Introduction 
South Africa’s traffic department expects licence holders to study traffic signs and rules 
when doing their learners licence. For most people this test was taken when they were 
17 years old. This is a long time ago for many road users. 
A survey is a good way to test people’s knowledge. This test will determine whether road 
users understand road signs and rules when it comes to level crossings. If their 
knowledge is bad, it could indicate why drivers are responsible for accidents despite 
good signage practise.  
South African’s different educations have been left out to simplify the study. It is 
assumed that all South African’s with a drivers licence studied the same K53 (McDonald, 
1999) book when obtaining their licence. 
 
5.3 Setup of Survey 
A short survey was developed to determine road user’s knowledge of road signs and 
rules when it comes to level crossings. The population is identified as all South Africans 
with a valid driver’s licence. It is important to select an appropriate sample that 
represents the population. Because this study focuses on people’s knowledge on road 
signage it is important to cover people of all age groups. Furthermore, people of different 
genders and races should also be tested to ensure all the different variables are covered 
for an accurate representation of the population.  
The survey is very short, but it covers all the basics of traffic rules and signs for level 
crossings. Keeping it short is a tactic to keep people focussed, it is short enough to keep 
people interested. The questions are ordered in a specific way, they flow logically from 
one to the next. It consists of open-ended and one closed-ended question.  
Open-ended questions are harder to evaluate, but is necessary for testing people’s level 
of knowledge. Multiple-choice questions sometimes guide people in the right direction. 
The purpose of this study is to determine whether people are informed on what to do 
when entering a level crossing. Closed-ended questions could cause this study to defeat 
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its purpose. Only one question consists of four close-ended sub questions, because it 
cannot be asked in a different way.  
A respondent's answer to an open-ended question is coded into a response scale 
afterwards. It is done in this way: 
1 No idea 
2 Some knowledge 
3 Fully understand 
The close-ended question is also evaluated on this scale. The question consists of 4 
multiple-choice questions. If zero or only one or two are correct, a score of 1 is awarded. 
If three are correct a score of 2 is awarded and if the person got all four correct then only 
a score of 3 is awarded. 
There is one question that consists of two parts. If zero or only one of these questions is 
answered correctly a score of 1 is awarded. This might seem harsh, but if only half of 
this sign is understood then the person has no idea really. Only when a person answers 
both correctly is a score of 3 awarded. 
 
5.4 Distribution of Surveys 
Before handing out the survey to a sample of people, it first needs to go through a test 
run of about 5 people. This step makes sure that the desired results are achieved. The 
survey is modified after each test run until no more misinterpretations are encountered. 
The survey is then handed out to a sample of 50 people with valid driver’s licenses. 
These people should be of different nationalities, ages and genders. The survey form 
can be found in Appendix F. 
Table 7 shows the different properties of the sample. The sample is not a 100% correct 
representation of South Africa’s population, but it is an acceptable representation of the 
population, all the different properties such as population group, gender and age is 
accounted for. 
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Age
Number 
of people
Population 
Group
Number 
of people Gender
Number 
of people
18-30 11 White 20 Male 23
30-40 10 Coloured 16 Female 22
40-50 12 Black 8
50-60 7 Other 1
60-70 2
70-> 2
Sample Properties
TABLE 7: THE SAMPLE PROPERTIES COVERED IN THE SURVEY 
 
 
 
 
 
   
 
 
5.5 Evaluating the Surveys 
Finally, the scores are awarded by marking the answers according to the South African 
Road Traffic Signs Manual (Brain, 1999), the K53 (McDonald, 1999) book and the 
explanation of Metrorail Marketing and Communication Manager Riana Scott found in 
Die Burger 22 July 2009 that follows.  
“Even though the booms are up which indicates no train is approaching, the driver still 
needs to stop at the stop street. After they have stopped at the stop street they can 
continue driving. If a motorist approaches the level crossing and the signals are flashing, 
it means a train is approaching from either side. The signals flash for ten seconds before 
the booms go down. This is a safety precaution for motorists. 
A motorist must stop when the signals are flashing, even though you don’t see a train 
coming along. The reason for the flashing signals and the booms being lowered in 
advance is because it takes 500m for a train to come to a complete stop. This is why so 
much warning is given.” (Snyders, 2009). 
 
5.6 Analysing the Survey 
The histogram in Figure 17 represents the sample of the population’s knowledge of 
traffic rules and signs when it comes to level crossings. It should be noted that the 
minimum score is 7 and the maximum score is 21. 
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The average score of the sample is 48%. This means that on average people only know 
48% of level crossing rules and signage. This implies that people do not know what to do 
at a level crossing 52% of the time. This indicates that that the South African driver 
education system is flawed.  
 
 
FIGURE 17: THE RESULTS OF THE SURVEY BY THE SAMPLE OF PEOPLE 
By doing correlation calculations it was found that, interestingly enough, age or the year 
of obtaining a licence has no relation to people’s knowledge on road signs or rules. The 
correlation calculation’s results can be seen in Table 8. The assumption that people who 
have recently studied the road signs and rules will know more is discarded, the 
correlation coefficients prove this. The closer the coefficient is to 0 the less correlated it 
is. The correlation coefficient can be between -1 and 1. 
TABLE 8: RESULTS OF CORRELATION CALCULATION ON SCORES 
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When looking closer, the problem can be broken up into subdivisions. Results obtained 
by the sample of the population can be observed of each individual sign. See Table 9 for 
these results. See Appendix F for each individual sign. 
TABLE 9: INDIVIDUAL RESULTS OF DIFFERENT SIGNS 
Sign Result 
1 48% 
2 53% 
3 72% 
4 38% 
5 16% 
6 31% 
7 78% 
 
It is clear from Table 9 that the railway related signs (4, 5 and 6) are not understood.  
 
5.7 Evaluating the K53 
The K53 (McDonald, 1999) is the book that all people study when applying for a learners 
licence. This is the only knowledge South African drivers obtain when it comes to road 
signage and rules.  
The K53 (McDonald, 1999) test is a based on what was done in the United Kingdom in 
the 1980's. It was published by the then National Road Safety Council. The K53 
(McDonald, 1999) was later published as part of the Road Traffic Act Regulations. It was 
updated in 2005 and then in 2006 again (Fore Sight Publications). 
Now the results from the survey will be evaluated in terms of its description in the K53 
(McDonald, 1999). Sign 1, as defined in Table 9, is partially defined in the K53 
(McDonald, 1999). This sign is a combination of warning signs and the arrow at the 
bottom of the sign is not explained in the K53 (McDonald, 1999). From the survey it was 
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obvious that the arrow confused people, people only have 48% understanding of this 
sign. 
Sign 2 is defined in the K53 (McDonald, 1999), but still only 53% of people know what 
this sign means. Sign 3 is well understood by 72% of people. It is a combination sign and 
is not explained in the K53 (McDonald, 1999). 
Road marking 4 is not mentioned anywhere in the K53 (McDonald, 1999) and only 38% 
of respondents understood it. This is a troubling figure. On the other hand only 16% is 
understood sign 5, but it is well defined in the K53 (McDonald, 1999).  
Sign 6 is a combination sign, this combination is not explained in the K53 (McDonald, 
1999). This combination sign has an additional flashing lighting feature. Nowhere in the 
K53 (McDonald, 1999) do they mention or explain what flashing lights indicate. 
The last question in the survey (see Appendix F) is of a boom system. Even though 78% 
of people know what should be done when a boom is encountered, it is not mentioned in 
the K53 (McDonald, 1999). 
These results are troubling, because some signs, such as sign 2, are well defined by the 
K53 (McDonald, 1999) but people still do not know what it indicates. On the other hand 
there is the boom system that is not mentioned in the K53 (McDonald, 1999) but most 
people understand it. The logical conclusion why these signs are understood is due to 
them being rather self-explanatory. This is no way to educate people though. It should 
rather be assumed that people do not know anything and they should be taught from 
scratch.  
 
5.8 Conclusion 
After performing the survey test, it is safe to say that the K53 (McDonald, 1999) test is 
failing at educating people with regard to road signs and rules. 
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6. Phase 5: Conclusions & Recommendations 
 
6.1 Conclusions 
This study identified certain attributes that could increase the likelihood of a serious 
collision occurring, these attributes are day of the week, time of the day, road surface, 
vehicle type.  
Adequate warning devices have been installed at the level crossing considered 
according to what seems to be good set of standards set by the Department of 
Transport. It was clear from this study that collisions occur despite this, due to drivers’ 
lack of knowledge on how to act at a level crossing or just ignorance. A survey study 
identified that drivers lack knowledge on railway signs and markings. The lack of 
knowledge apparently has nothing to do with the age of the driver or how long ago the 
licence was obtained. The problem seems to lie with the educating process and the 
literature that goes with it.  
Even though there are regular safety campaigns held by Metrorail and the Railway 
Regulator, it is not sufficient. In South Africa you have to first pass the K53 (McDonald, 
1999) test before you can become a learner driver. It was found that the K53 (McDonald, 
1999) test is out-dated and inadequate.  
 
6.2 Recommendations  
Driving is dangerous, thus you should take care when doing so for your own safety and 
for the safety of others. You cannot be expected to take care if you have not been 
properly educated.  
The obvious thing to be done is to restructure South Africa’s driver tests. A new more 
advanced test should be developed. Good education material should be provided as 
support.  
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However, the suggested solution is a costly and time consuming process. In the 
meantime, something else should be done for temporary relief. It is a well-known fact 
that all drivers understand a traffic light. Drivers obey the law of stopping at a red light 
even though the coast is clear to drive. The most practical proposed solution is to install 
traffic lights at level crossings. It should turn orange then red when a train is 
approaching. It is a simple yet effective solution to saving lives. 
The reason why this has not been addressed is because there is a gap in South Africa’s 
level crossing system. It is unclear who is responsible for the level crossing. There is an 
on-going dispute between the traffic department and rail operators such as Metrorail and 
Transnet on this topic and no-one wants to claim full responsibility.  
 
6.3 Reflection 
I have learned so much from this final year project. Not only did I learn about level 
crossing safety, but also on how to go about doing a study and writing a report. I really 
enjoyed the statistical part of this project. I wish I had more data to work with so more of 
the report could be on reworking and analysing more in-depth data. I learned that people 
do not like to help others if they do not gain something from it. The hardest part of my 
project was to gather data. 
Doing this study was hard for me, but once I had my data and knew what I wanted to do 
with it the rest was easy and fast. In future I would plan better before choosing a topic. I 
believe that in future studies I perform I will research more efficiently and not struggle as 
much as I did this time round. I really do believe that doing a study for a specific 
company will be easier, because data will be more accessible.  
I have always liked statistics, but after doing this project it made me realise that I can use 
it for something meaningful and that I would enjoy doing my Master’s degree on 
something that is statistically related.  
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Appendix  : Traffic Count at Bergkelder Level 
Crossing at Peak Hours 
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Appendix  : Road Signs and Markings 
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Appendix  : Crossing of Parallel Railway Lines 
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Appendix  : Photos of Bergkelder Crossing 
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Appendix  : Survey 
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(Traffic Calming Policy, 2005) 
 
1. CLASS A: Trunk Roads (National and Inter Regional Distributors) 
(a) Freeways, expressways, dual carriageways and dual single carriageway main roads. 
(b) Generally rural. 
(c) Facilitate regional mobility of traffic. 
(d) Characterized by regional route continuity. 
(e) Defined as Freeways, National or Provincial Roads 
Examples: N1, N3, and Provincial Roads. 
 
2. CLASS B: Primary Distributors or Major Arterials 
(a) Form part of primary road network in urban areas. 
(b) Facilitate long distance traffic mobility within the city. 
(c) Characterized by high traffic volumes, limited access and fairly high speeds. 
(d) Characterized by urban route continuity. 
(e) Defined as Major Arterials and Metropolitan Routes 
 
3. CLASS C: District Distributors 
(a) Links primary roads with residential areas or development nodes. 
(b) Links residential areas with commercial and industrial work places. 
(c) Characterized by high traffic volumes, limited access, moderate speeds and mobility. 
(d) Public transport routes for buses and taxis. 
(e) Serve in excess of 400 equivalent dwelling units (EDU’s). 
(f) Distribute traffic to and from Class D and E Roads. 
(g) Provide access to community facilities (sport fields, entertainment centre, etc.). 
(h) Characterized by local route continuity. 
(i) Defined as Minor Arterials or Major Collectors. 
 
4. CLASS D: Local Distributors 
(a) Link Class C and Class E Roads. 
(b) Characterized by low traffic volumes, low speeds and high accessibility. 
Appendix G: Class Definition of a Road 
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(c) Serve less than 400 equivalent dwelling units (EDU’s) 
(d) Distribute traffic to and from Class E Roads. 
(e) Characterized by not having route continuity. 
(f) Defined as Minor Collectors 
 
5. CLASS E: Residential Access Roads (Lightly Trafficked Roads) 
(a) Provide direct access to properties. 
(b) Provide for other non-vehicle-related uses (running, cycling, walking, etc). 
(c) Serve less than 200 equivalent dwelling units (EDU’s). 
(d) Defined as local Streets 
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Appendix H: Project Plan 
